87Rb, 23Na and 31P nuclear magnetic resonance spectroscopy of the perfused rat kidney.
87Rb, 23Na and 31P nuclear magnetic resonance (NMR) were used to monitor changes in renal cations and energetics during the induction of hypoxia in the isolated perfused rat kidney. The NMR-determined unidirectional Rb+ flux in normoxic kidneys was shown to be a good measure of net intracellular K+ influx in the perfused rat kidney model. The changes in 87Rb, 23Na and 31P spectra following the induction of hypoxia are consistent with hypoxic depletion of intracellular adenosine triphosphate (ATP) and a subsequent decrease in Na-K-ATPase transport activity. The exponential rate constant for 87Rb+ efflux measured during Rb+ uptake in normoxic kidneys (0.12 +/- 0.01 min-1) was not significantly different to the rate constant for 87Rb+ efflux during the induction of hypoxia (0.16 +/- 0.07 min-1). We conclude that there is no direct effect of hypoxia on renal cellular membrane integrity and that renal cell sensitivity to hypoxia is due to an inability to sustain cellular ion gradients following depletion of intracellular ATP.